. Urinary excretion of organic ucids by u patient receiiiirig Li2C03 The patient received Li2C03 (25Omg) three times/day starting on day 6. The excretion rates were determined by the internal isotope method by using repetitive scans.
Excretion rate (mg/24h) It is not yet possible to interpret thesc results completely. The acids affected are all dicarboxylic acids with a chain length of between C, and Cs. The glutarate derivatives showed the greatest increases. Citrate excretion was unchanged (Bond et d., 1972) . This suggests that the range of compounds affected is determined by chemical structure rather than metabolic relationship, and that this is a transport effect. On the other hand several of the acids are intermediates in the tricarboxylic acid cycle, and in a preliminary experiment the increased excretion of tricarboxylic acid-cycle intermediates produced by intravenous infusion of succinate (Nordmann et at., 1955) was accompanied also by an increased excretion of glutarate. Thus it is possible that the effect of lithium salts is primarily on the tricarboxylic acid cycle, and that the other metabolites are excreted in unusual quantities because of competition for a common transport system. Berl & Clarke (1971) have reported that with guinea-pig brain slices lithium salts greatly affect the pattern of incorporation of [ l-14C]acetate into amino acids derived from the tricarboxylic acid cycle. This suggests that the effect of lithium salts on these intermediates may not be restricted to the kidney and may have some relevance to its therapeutic effect. The effects of LCk on a wide range of enzymes indicate that many physiological and metabolic functions may be influenced by this ion. Thus it has been found that brain, kidney, thyroid and pancreas function as well as carbohydrate, amino acid and monoamine metabolism are all influenced by Li'. Further, electrolyte metabolism is also changed by Li+, in a way that may be secondary to other metabolic changes rather than just a simple substitution process.
Animal experiments have shown that Li' increased glucose uptakc and glycogen synthesis in muscle, brain and adipose tissue (Bhattacharya, 1959 (Bhattacharya, , 1964 Plenge et ul., 1970) . In Li+-treated human patients, as well as in long-term-Lit-treated animals, weight gain is commonly observed (Mellerup e f ul., 1972; P. Plenge, E. T. Mellerup & 0. J. Rafaelsen, unpublished work). These findings are in accordance with and may probably be explained by the effects of Li' on, e.g., pyruvate kinase (Balan et al., 1970; Kachmar & Boyer, 1953) , hexokinase (Balan rt d., 1970) or a protein kinase (glycogen transferase kinase) (Walaas et ul., 1970) .
The overall changes in carbohydrate metabolism, and especially the increased glucose uptake and glycogen synthesis in muscle after Li+ treatment, are followed by an increased uptake of phosphate (Plenge et al., 1971) , leading to decreased serum phosphate concentrations and decreased incorporation of phosphate into bone. The increased uptake of radioactive phosphate into muscle after Li+ treatment could also be demonstrated in experiments with isolated muscles in uitro provided that glucose was present in the incubation medium.
Ca2+ metabolism was also found to be influenced by Li' (Mellerup et ul., 1970) : serum Ca2+ concentration was increased and the incorporation of radioactive Ca2+ into bone was decreased. The changes in Ca2' metabolism seemed not to be secondary to the Li+ effect on some hormonal mechanism, because, for example, parathyroidectomy or thyroidectoniy did not qualitatively change the response to Li'. The decreased incorporation of Cai+ into bone was probably secondary to the decreased uptake of phosphate, as the two ions are found in stoicheiometric amounts in bone tissues and the decreased uptake of Ca2+ into bone might lead to the observed increase in serum Ca2+ concentration. LiCI-treated; 1, control.
1
As one-half of the total body Mg2+ is deposited in bones, the proposed mechanism for the Li+-induced changes in Ca2+ turnover might also be relevant for MgZ+. Fig. 1 shows that bone radioactivity was decreased after injection of isotopically labelled Mg2+ together with Li+, whereas serum radioactivity was increased; the results were thus qualitatively similar to those found with the radioactive Caz+. In accordance with this finding it has been reported that Li+-treated manic patients had an increased serum Mg2+ concentration (Nielsen, 1964) .
The intimate relationship between glucose, phosphate, Caz+ and Mg2+ metabolism may therefore constitute the basis for the effects of Li+ on each of the four metabolites, enzymes in glucose metabolism being the direct sites of action. However, such a concept implies that other drugs or hormones that influence overall carbohydrate metabolism in the same way as Li+ also may produce similar effects in phosphate, Ca2+ and Mg2+ metabolism.
The most obvious choice in this respect was insulin, which increases glucose uptake and glycogen synthesis, decreases serum phosphate concentration (Harrop & Benedict, 1924) and increases serum Ca2+ concentration (Brougher, 1927) . By using radioactive phosphate, Ca2+ or Mg2+ it was possible to show that many similar results were obtained with insulin and Li+.
